Summary. The secretion rates [34 + 6 (SE) ug per day, 9 subjects] and metabolic clearance rates (MCR) [1,288 ± 120 (SE) L of plasma per day, 9 subjects] of aldosterone in elderly subjects are significantly lower than those of young subjects [77 + 7 (SE) Mug per day and 1,631 + 106 (SE) L per day, respectively]. There is a correlation of the MCR and secretion rate values (p = 0.02), but the calculated plasma concentrations (secretion rate/ MCR) are also significantly low in the elderly subjects [2.6 + 0.3 (SE) compared with concentrations in the plasma from young subjects of 4.7 + 0.6 (SE) ug per 100 ml plasma].
Introduction
Both the rates of metabolism and secretion of certain steroids are lowered in elderly subjects (1) (2) (3) (4) (5) , but aldosterone has not previously been investigated in this regard.
It is possible that the lowered rate of secretion of certain steroids in elderly subjects is secondary to the decreased rate of metabolism and the subsequent operation of a feedback system to normalize concentrations of the steroid in blood (6) . To examine the hypothesis, the study of the metabolism and secretion of aldosterone has advantages because of the comparative simplicity of its mode of transport and metabolism with weak binding to plasma proteins, nearly complete extraction in one circulation through the liver, and a relatively low rate of extrasplanchnic metabolism (6, 7) .
Methods
The nine elderly individuals were male, ranging from 67 to 88 years old, with a mean of 75. They were selected among a population of 620 geriatric patients of Cushing Hospital, Framingham, Mass. Written consent was given by the patient or a relative or both after the nature of the experiment had been explained. The patients were active elderly men admitted only for custodial care; they had no clinical evidence of cardiovascular, renal, or hepatic diseases. The (11) . The subjects had been in bed at least 10 hours before the infusion was initiated and were supine. In six of the elderly subjects, the MCR was determined in both whole blood and plasma as described elsewhere (11) . Some of the data for males have been previously quoted in order to compare the metabolism of aldosterone and 17-isoaldosterone in normal young subjects (12) . The aldosterone secretion rate was studied in the same subjects, usually 1 week later. The subjects were then (14) give similar values for young males.
t From previous studies of eight other young males. 0.83 X MCR/HE (7) . By hepatic catheterization (7); Camargo and co-workers (14) using a similar method found 97 and 63% for the hepatic extraction of subjects with mild and marked cardiac dysfunction, respectively. ¶ 131I rose bengal method with hepatic catheterization (7). ambulatory and active before and after the administration of the radioactive material. One I.c, 0.01 ,ug aldosterone-7-'H was injected intravenously, and 0.35 tIc, 2.3 ,ug aldosterone-4-14C was given orally to the same subject simultaneously as previously described (12) . Urine was then collected for 48 hours. The methods used to measure the radioactivity as aldosterone in the neutral and acid extracts and tetrahydroaldosterone released by f8-glucuronidase from samples of the 48-hour urinary collection have also been described (12, 13) . The only difference in the methods of calculation used in this study compared with those of Flood and co-workers (12) was that the "4C/H ratio of aldosterone from the neutral estract was taken from the isotopic ratio of the peak fraction after column chromatography of the aldosterone diacetate I (after acetylation) in the present work. In addition, in the studies reported here, the secretion rate of aldosterone was measured by the method of Flood and co-workers (13) from the specific activity of the aldosterone (micrograms in 24 hours/per cent tritiated dose) released from the acid labile conjugate. In seven of the nine elderly subj ects investigated, urine was also collected from 48 to 72 hours to check whether excretion of radioactivity as the acid labile conjugate was complete in 48 hours. This was found to be so (> 95%) for all subjects studied.
Results
The mean secretion rates of aldosterone in the elderly and young male subjects were 34 ± 6 (SE) jug per day in nine subjects, and 77 ± 15 (SE) /ug per day in seven subjects, respectively (Table II) . The results for the young male subjects are in good agreement with previous studies, 76 ± 8 (SE) ug per day, on a similar group of eight volunteers using the same method. The mean secretion rates are significantly lower in the elderly group compared with the mean value of the young group studied in the present series (p = 0.01) or the combined mean for all the young males studied by the same method (p = 0.001).
The MCR of aldosterone in the elderly group, a mean of 1,288 + 121 (SE) L of plasma per day in nine subjects, are also probably significantly lower (p = 0.04) (Table I ) than values previously obtained in a young group of subjects, a mean of 1,631 + 106 (SE) L per day in ten subjects (11).
In six elderly subjects, the ratio of the MCR of whole blood to the MCR of plasma was 1.27 + 0.14 (SE). In six normal subjects (including three pregnant women) the corresponding ratio was 1.45 ± 0.05. The two mean ratios are not significantly different.
The per cent of the intravenous aldosterone-7-3H and oral aldosterone-4-14C as aldosterone in the acid extract and tetrahydroaldosterone released by ft-glucuronidase in the urine of elderly subjects is similar to that found for young subjects (Table  III) . The 14C/3H ratio in the two metabolites (both isotopes expressed as a fraction of the administered dose) is also similar for the two groups of subjects (Table III) .
The per cent of the administered aldosterone-3H excreted as aldosterone in the neutral extract is also similar for elderly and young subjects (Table III), However, the 14C/3H ratio in the urinary free aldosterone is significantly higher (p = 0.04) in the elderly [10.3 ± 2.4 (SE) %] compared with the young group [3.7 + 0.6 (SE) %o].
Discussion
The secretion rate of aldosterone is markedly lowered in elderly subjects. This is not due to a high salt intake, as the dietary intake and urinary excretion of sodium are normal or below normal in all these subjects (Table I) . There is no correlation of secretion rate and sodium or potassium excretion (Tables I and II) within the elderly or young group. The excretion of both sodium and potassium is lower in the elderly compared with the young group (mean Na 175 vs. 119 and mean K 80 vs. 58 mEq), but the sodium/potassium ratios are similar.
As previously described, the elderly subjects chosen were probably as active as most normal young subjects; the older men included a 2-mile walk in their daily regime. They stayed in bed at night for 8 to 10 hours and did not return to bed during the day. Their postural behavior during 24 hours was generally similar to that of most young subjects. It is therefore unlikely that posture or activity could be a major factor in explaining the low aldosterone secretion rates in the elderly subjects.
The mean body surface area of the elderly subjects [1.73 ± 0.03 (SE) M2] was lower than in the young subjects [1.97 + 0.04 (SE) M2]. However, the ratio of body area is only 1.14, whereas the ratio for the secretion rates is 2.26. Both the MCR and secretion rate of aldosterone are also lowered in the elderly subjects, and there is some correlation between MCR and secretion rates be- tween the individuals in the group (r = 0.97, p = 0.02) (Figure 1) . However, the MCR is not depressed so much as the secretion rate, and the calculated plasma concentration (secretion rate/ MCR) is lower in the elderly compared with the young subjects (p < 0.01) (Table II) . These results indicate that although alterations in metabolism and the subsequent operation of a feedback mechanism may play some role in lowering the secretion rate of aldosterone, it is not the only mechanism causing the effect. However, in the case of cortisol, where the secretion rate is lowered to a smaller extent (2) than for aldosterone, the feedback mechanism may play the dominant role. This remains to be investigated. The decreased secretion rate could be due to a lowering of excretion of sodium because of reduced renal blood flow (15) (or some other factor not involving aldosterone) as the primary event. However, in normal subjects and patients with congestive heart failure similar alterations in renal hemodynamics are accompanied by normal or increased secretion of aldosterone, which is not always due to the dietary regime (14) . It remains to be seen whether the production of the stimulatory substance or the response of the adrenal to the stimulus is reduced in the elderly subjects. As infusion of angiotensin could be inadvisable in such subjects, further investigation must await the development of a simple and reliable method for measurement of angiotensin concentrations in small amounts of blood.
The metabolism of aldosterone may be abnormal due to alterations in splanchnic extraction or blood flow or, less likely, the amount of extrasplanchnic metabolism. The results for the urinary excretion of radioactivity after simultaneous administration of oral aldosterone-4-14C and intravenous aldosterone-7-3H indicate that both splanchnic extraction and blood flow may be lowered in the elderly subjects.
The proportion of the oral compared with the intravenous dose excreted as free aldosterone is higher in the elderly than in the young subjects (p = 0.04) (Table III) . This indicates that the splanchnic extraction is lower in the elderly subjects (12) . However, this effect cannot account for the full extent of the lowering of the MCR values (Table III) . The proportion of the oral compared with the intravenous dose excreted as the aldosterone released from the acid labile conjugate is similar (about 75%) for the young and elderly subjects (Table III) . As the acid labile conjugate is the major extrahepatic route of metabolism (16, 17) , this indicates that the amount of such metabolism is not altered appreciably in elderly subjects (12) . It therefore appears that some of the lowering of the MCR must be due to decreased hepatic blood flow.
For subjects with minimal and marked cardiac dysfunction (7) (14, 17) . The observation of the markedly decreased secretion rate of aldosterone in elderly subjects emphasizes the need, whatever the mechanism of the effect, for the use of control subjects in the appropriate age group particularly in the studies of the secretion of aldosterone in heart failure and hypertension.
The method for estimating hepatic blood flow from the MCR and hepatic extraction (from the '4C/3H of the urinary free aldosterone) of aldosterone may have general application. This method assumes a known amount of aldosterone metabolized extrasplanchnically and present in red cells, but this can be verified for a particular group of subjects, and the appropriate correction is small for the subjects so far investigated.
